Abstract For many patients today, HIV has become a chronic disease. For those patients who have access to and adhere to lifelong antiretroviral (ARV) therapy, the potential for drugdrug interactions has become a real and life-threatening concern. It is known that most ARV drug interactions occur through the cytochrome P450 (CYP) pathway. Medications for comorbid medical conditions, holistic supplements, and illicit drugs can be affected by CYP inhibitors and inducers and have the potential to cause harm and toxicity. Protease inhibitors (PIs) tend to inhibit CYP3A4, while most nonnucleoside reverse transcriptase inhibitors (NNRTIs) tend to induce the enzyme. As such, failure to adjust the dose of coadministered medications, such as statins and steroids, may lead to serious complications including rhabdomyolysis and hypercortisolism, respectively. Similarly, gastric acid blockers can decrease several ARV absorption, and warfarin doses may need to be adjusted to maintain therapeutic concentrations. Illicit drugs such as methylenedioxymethamphetamine (MDMA, "ecstasy") in combination with PIs lead to increased toxicity, while the concomitant administration of sedative drugs such as midazolam and alprazolam in patients taking PIs can result in prolonged sedation, delayed recovery, and increased length of stay. Even supplements like St. John's Wort can alter PI concentrations. In theory, any drug that is metabolized by CYP has potential for a pharmacokinetic drug-drug interaction with all PIs, cobicistat, and most NNRTIs. When adding a new medication to an ARV regimen, use of a drug-drug interaction software and/or consultation with a clinical pharmacist/pharmacologist or HIV specialist is recommended.
Introduction
The success of antiretroviral (ARV) therapy has allowed individuals infected with HIV to suppress viral replication, preserve immune function, and reach similar life expectancies as non-infected individuals [1] . As a result, HIV is becoming manageable as a chronic disease in the setting of lifelong medication adherence. Having one chronic illness does not, however, preclude this population from the same growing burden of comorbidities seen in non-infected aging adults. In addition, the prevalence of the use of supplements or illicit drugs in this population is as high as any other. As such, HIV-infected individuals, and their providers alike, must be particularly mindful of the potential drug-drug interactions unique to this population.
The pharmacology and inherent toxicity of combinations of HIV medications were examined in a previous review [2] . Please refer to Tables 1, 2 , 3, 4, and 5 for a summary of drugs included in each class. As previously discussed, many ARV drug interactions are mediated through cytochrome p450 (CYP), and to a lesser extent, p-glycoprotein (pgp), as these are the primary mechanisms of drug elimination. Similarly, many of the medications prescribed for common comorbid conditions compete for a shared pathway for elimination, resulting in either potential toxic drug accumulation or subtherapeutic levels.
In a cross-sectional study of clinically significant drugdrug interactions in HIV-infected individuals on ARV medications, the use of more than five antiretroviral drugs and the use of non-raltegravir-based regimens were associated with an increased incidence of interactions. In most cases, the drug interaction did not cause morbidity, but did necessitate a dose adjustment of one of the patient's drugs. The HMG-Co-A reductase inhibitors were the non-ARV drugs most likely to require a dose adjustment. Dose adjustments were needed when the drugs were coadministered with either a protease inhibitor (PI) or a non-nucleoside reverse transcriptase inhibitor (NNRTI). Phosphodiesterase inhibitors, calcium channel blockers, acid suppression medications, methadone, and fluticasone were also implicated [3] .
This review examines the potential toxicities that all medical providers must consider before placing a patient currently taking ARV drugs on a new medication, whether for acute or chronic illness, and serves as a reference to help educate the HIV-infected population as to the potential harm of particular supplements or illicit drugs when combined with ARV drugs.
Materials and Methods
A comprehensive search of the PubMed, MEDLINE, and Google Scholar databases was conducted for articles related to ARV drugs and relevant interactions. PubMed Medical Subject Headings were used to search the controlled vocabulary thesaurus for indexing articles including clinical trials, meta-analyses, practice guidelines, and reviews. Textbooks of pharmacology and medical toxicology were also reviewed for references. The reference sections of pertinent articles/ chapters were searched and cross-referenced to the findings CYP cytochrome p450 superfamily, pgp p-glycoprotein, UGT uridine 5′-diphospho-glucuronosyltransferase, M8 active metabolite nelfinavir hydroxy-t-butylamide Table 4 Common entry inhibitors and their route of metabolism
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Enfuvirtide Non-NADP-dependent hydrolysis Maraviroc CYP3A4 substrate from the electronic databases for any additional manuscripts and then compared to each other to identify duplicates. The following search terms were used either independently or in combination for all databases: drug toxicity, adverse drug reaction, HIV fusion inhibitors, HIV protease inhibitors, nucleoside reverse transcriptase inhibitor, non-nucleoside reverse transcriptase inhibitor, integrase inhibitor, anti-HIV agents, antiretroviral agents, CCR5 receptor blocker, nucleotide reverse transcriptase inhibitor, specific ARV drug names, drug interactions, common chronic illness medication names, names of frequently used recreational drugs, herbal, and complementary alternative medicine products. One author gathered the articles matching the search criteria outlined, and all authors assessed each article for inclusion and exclusion criteria, quality as determined by internal validity, and extracted all data. Quality assessment for randomized, control studies included the following: methods for randomization, blinding, controls, and follow-up. Review articles and chapters were assessed for quality of included data. Observational and case studies were reviewed for measurement bias, confounding items, and statistical analysis.
Overview of Drug Metabolism and Efflux
Antiretroviral regimens typically consist of a combination of three drugs-two nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs) otherwise known as the "backbone" of the regimen, in addition to either a protease inhibitor (PI), nonnucleoside reverse transcriptase inhibitor (NNRTI), or an integrase strand transfer inhibitor (INSTI), or the "base". Most ARV drugs are metabolized via the CYP complex of proteins or are substrates for p-glycoprotein (pgp), as are many other commonly prescribed medications. Interference with CYP, pgp, or any other mechanism of drug elimination will result in unintended fluctuations in concentrations of both HIVand non-HIV drugs risking subtherapeutic dosing or toxicity.
Antiretroviral Therapy and Cytochrome P450
Cytochrome P450 belongs to a superfamily of enzymes containing a heme prosthetic group, which allows the compound to carry out enzymatic reactions including N-dealkylation, O-dealkylation, aromatic hydroxylation, N -o x i d a t i o n , S -o x i d a t i o n , d e a m i n a t i o n , a n d dehalogenation of substrates [4] . While over 50 CYP enzymes have been identified, approximately, a dozen are known to be important for drug metabolism, including CYP3A4.
Cytochrome P450 interactions, however, can be complex. Any change in CYP activity, whether an increase (induction) or decrease (inhibition), can have a profound effect on the pharmacokinetics of the drugs using that metabolism pathway. Induction of CYP speeds up the complex's ability to metabolize its substrates and thus may dramatically decrease therapeutic concentrations of these medications. Alternatively, inhibition of the CYP enzyme slows substrate metabolism and delays excretion resulting in drug accumulation to possibly toxic concentrations. The clinical manifestations of CYP inhibition also depend on whether it is the drug or the metabolite of the drug (or both) that is the pharmacologically active compound. If the CYP substrate is the active pharmacological compound, then, slowing metabolism will prolong activity of the drug (e.g., midazolam). Alternatively, if the CYP substrate is an inactive intermediary that is biotransformed to an active compound, then, inhibiting CYP will decrease the clinical activity of the drug (e.g., clopidogrel).
Many ARV drugs are metabolized via CYP enzymes. Tables 2, 3, and 6 give examples of these CYP substrates, inducers, and inhibitors. While most PIs are CYP3A4 inhibitors, most NNRTIs are CYP3A4 inducers [5] . For example, ritonavir is a strong CYP3A4 and CYP2D6 inhibitor, and from the NNRTI class, efavirenz, etravirine, and nevirapine are CYP3A inducers. Knowing that ritonavir is a strong inhibitor allows practitioners to manipulate ARV drug regimes. For patients taking PI-based regimens, a low dose of ritonavir is frequently added as a second PI with the purpose of inhibiting the CYP metabolism of the main PI. This practice, known as "boosting," allows for a higher steady state concentration and prolonged half-life of the primary PI with fewer doses of medication and once daily dosing, thereby reducing the pill burden and improving adherence. Similarly, cobicistat, a CYP3A4 inhibitor without anti-HIV activity, inhibits elvitegravir (INSTI) metabolism and enhances its pharmacokinetic profile [6] . The same principle of inhibition applies to co-ingestion of HIV and non-HIV medications. For example, efavirenz decreases itraconazole concentrations by 39 % [7] .
As always, there are exceptions to the rule. Delavirdine, an NNRTI and therefore expected to be a CYP inducer, is actually a strong CYP3A4 inhibitor. Similarly, rilpivirine is neither an inducer nor an inhibitor, but is a CYP3A4 substrate and therefore is subject to fluctuations in CYP metabolism secondary to co-ingested medications.
Although there is a plethora of literature regarding ARV drug-drug interactions, pharmacokinetic data from drug Similarly, proteins in the heart and in the CNS affect drug delivery to those target organs respectively, while proteins in the kidney and liver modulate excretion. The best recognized of these membrane transport proteins is pgp, a member of the ATP-binding cassette (ABC) superfamily [8] .
In general, PIs are substrates for pgp (with either inhibition or induction), while NNRTIs are not. For example, the PIs amprenavir, fosamprenavir, and tipranavir have been shown to induce pgp. Similar to ritonavir's boosting effect secondary to CYP inhibition, in animal models, ritonavir increased drug absorption via inhibition of pgp transport proteins in the GI tract [9] . As a result, the concentration of digoxin, a pgp substrate, was increased by 29 % with ritonavir co-administration. As always, however, there are exceptions to the rule. While expected to have no interaction with pgp substrates, certain NNRTIs (e.g., etravirine) act as inhibitors of pgp. On the whole, any interference with pgp may affect the final drug concentration to target organs.
Interactions Between HIV and Non-HIV Drugs
Drug-drug interactions between ARV drugs and other medications are common and often require dose adjustments. They also go frequently unrecognized if not managed by clinicians with clinical expertise in pharmacology.
In a review of outpatient HIV-infected individuals on ARV therapy, 27 % of patients had clinically significant drug-drug interactions. However, only 36 % of these were identified by physicians. The use of a PI-based regimen resulted in a sixfold increase in risk of any interaction. The most common drugs involved were CNS drugs (e.g., antidepressants), other ARVs, and statins [10] . A similar review looking at hospitalized HIVinfected patients on ARV therapy found 38 % of patients to have drug-drug interactions between HIV and non-HIV medications. There was no increase in length of stay associated with these drug-drug interactions. Atazanavir was the most commonly implicated ARV drug, and HMG-CoA reductase inhibitors were the most common non-ARV drugs associated with interactions. The most important risk factor associated with a drug-related problem was admission by a service other than infectious disease (odds ratio (OR) 3.83, 95 % confidence interval (CI) 1.08-13.54) [11] . Another review of hospitalized patients at Johns Hopkins Hospital revealed that medication errors and unrecognized drug-drug interactions remained high (29 %) on day 1, but the majority of errors were corrected by day 2. Common drug-drug interactions identified were the use of fluticasone or midazolam in patients already taking PIs and the use of proton pump inhibitors in patients taking atazanavir. Compared with patients admitted to the HIV/AIDS service, where patient medications are overseen by a clinical pharmacologist and an infectious disease physician, those admitted to surgical services were at increased risk of ARV medication errors (adjusted OR 3.10, 95 % CI 1.18-8.18) [12] .
In theory, any drug metabolized by a CYP complex or transported by an efflux protein has the potential for a pharmacokinetic drug-drug interaction. When we consider that any drug that affects an organ could cause a pharmacodynamic interaction, the potential number of interactions is limitless. Outlined below are select clinically significant drug-drug interactions between HIV and non-HIV medications. Special emphasis is made on either commonly encountered drugs or medications with narrow therapeutic windows, making drugdrug interaction-induced fluctuations in concentrations a significant concern.
HMG-CoA Reductase Inhibitor Medications HMG-CoA reductase inhibitors (statins) are widely prescribed for the treatment of hyperlipidemia. The most important adverse effect of statins is myotoxicity, ranging in severity from mild pain to life-threatening rhabdomyolysis. Simvastatin and lovastatin are exclusively metabolized by CYP3A, and because most PIs are potent inhibitors of CYP3A4, their concentrations are significantly increased when co-administered with a PI. As such, lovastatin and simvastatin are contraindicated in patients taking PIs. Furthermore, co-administration of simvastatin and boosted saquinavir resulted in a 31.59-fold increase in the area under the curve (AUC) of simvastatin [13, 14] . When this FDA-labeled contraindicated combination is not recognized and corrected, devastating consequences can result. One 70-year-old man, who was treated with a nelfinavir-based regimen, developed fatal rhabdomyolysis 1 month after starting simvastatin. He was previously on a stable dose of pravastatin with nelfinavir for 2 years without incident [15] . In kind, atorvastatin, a CYP3A4 substrate, when combined with a boosted lopinavir regimen has been noted to result in a 5.9-fold increase in statin concentration [16] .
Although the co-administration of atorvastatin is not contraindicated with HIV protease inhibitors, it is important to dose reduce atorvastatin. Pravastatin concentrations were increased by only 33 % with lopinavir/ritonavir coadministration [17] . In an observational study, this combination was well tolerated. The use of pravastatin, rosuvastatin, and atorvastatin with HIV protease inhibitors has been well tolerated and resulted in good virologic response [18] . Due to limited long-term clinical data, all patients taking both statins and PIs should be regularly monitored for myotoxicity and rhabdomyolysis, particularly with any dose changes.
Hormonal Contraceptive Medications
Hormonal contraceptives may contain an estrogen, progestin, or both and are primarily metabolized by CYP isoenzymes. Ethinyl estradiol undergoes oxidative metabolism by CYP3A4, CYP2C9, and other CYP isoforms [19] in addition to glucuronosyltransferases (UGTs) and pgp, which may also play a role [20] . Cytochrome p450 3A4 is also involved in the metabolism of the parent compound or active metabolites of t h e p r o g e s t i n s : e t o n o g e s t r e l , l e v o n o r g e s t r e l , medroxyprogesterone acetate, norelgestromin, norethindrone, n o r g e s t i m a t e , a n d n o r g e s t r e l . A l t h o u g h d e p o t medroxyprogesterone acetate is a substrate for CYP3A4, the interaction appears to be clinically insignificant as the drug remains effective in patients taking CYP3A4 inducers.
Given their CYP interactions, it is unsurprising that PIs such as efavirenz, nevirapine, and cobicistat cause fluctuations in the concentrations of hormonal contraceptives. This is true regardless of the route of administration, as the effect has been observed with tablets, implantable devices, and injectable hormones. A comprehensive review by Tseng et al. demonstrated how concentrations of transdermal or combined oral contraceptives might be reduced by ritonavir-boosted PIs [21] . In some cases, breakthrough pregnancies were reported in patients taking PIs concomitantly with estrogen-based contraceptives, making it imperative that barrier contraception is championed for these patients. On the other hand, estrogen and progestin components may be increased in the presence of certain unboosted PI regimens. For example, in patients taking atazanavir, the ethinyl estradiol AUC increases by 48 % and norethindrone increases by 110 %. Therefore, to decrease the risk of thromboembolism, the maximum ethinyl estradiol dose recommended in these patients is 30 mcg/day. However, with boosted atazanavir, ethinyl estradiol AUC decreases by 18 % requiring a minimum dose of 35 mcg/day to be effective [21] .
Raltegravir, etravirine, rilpivirine, and maraviroc do not interact significantly with combination oral contraceptives. For patients taking PIs or NNRTIs, on the whole, depot medroxyprogesterone acetate and intrauterine devices do not appear to interact with ARV drugs and so are the preferred contraceptive methods [21] .
Glucocorticoid Medications
The glucocorticoids triamcinolone, fluticasone, and budesonide are metabolized by CYP3A4. When coadministered with ritonavir, there are reports of each of these drugs accumulating and causing hypercortisolism, or Cushing's syndrome in its most severe form, and so should be avoided. Symptoms of hypercortisolism include weight gain and glucose intolerance, which often begin within weeks of starting co-administration. One review of the literature identified 25 cases of clinically significant adrenal suppression from fluticasone [22] . The use of both inhaled and intranasal steroids has been implicated with adrenal suppression when used in combination with ritonavir [23] . Another review identified 13 reports of Cushing's syndrome secondary to triamcinolone injection use in combination with ritonavir. Patients in the review had received a total of one or two doses of the medication, and symptoms usually began 2 or 3 weeks (range 4-42 days) after treatment [24] . In symptomatic patients, CYP3A4 inhibitors and corticosteroids should be stopped. Recovery may take months and may be monitored by obtaining cortisol assays and cosyntropin stimulation tests with the guidance of an endocrinology expert. Inhaled beclomethasone, on the other hand, is catabolized by pulmonary esterase and so is independent of the CYP isoenzymes, allowing for safe co-administration with ritonavir without significant threat of drug-drug interaction.
Acid-Reducing Medications
The ubiquity of H 2 -antagonists or proton pump inhibitors increases the potential for adverse interactions. In most cases, the combination of an acid-reducing agent with an ARV drug results in a decrease in the concentration of the ARV drug because gastric acidity affects its dissolution and absorption. For example, an increase in gastric pH will result in reduced absorption of the NNRTIs rilpivirine and delavirdine and the PIs atazanavir and nelfinavir [25] . As an extreme example, in a healthy volunteer single-dose study, the combination of lansoprazole and atazanavir resulted in a 98 % decrease in atazanavir AUC [26] .
Some of these drug-drug interactions can be managed by staggering the time of administration. For example, an ARV medication can be taken with food at least 2 h before or 10 h after an H 2 blocker. However, separating the timing of administration of rilpivirine with a proton pump inhibitor is not effective due to the near complete suppression of acid production [25] . Darunavir, etravirine, and other PIs, however, are not affected by gastric acid and so should be considered for patients where the use of a proton pump inhibitor cannot be avoided.
Antifungal Medications
Azole antifungals (e.g., fluconazole, ketoconazole, voriconazole, itraconazole, posaconazole) are generally considered to be inhibitors of CYP3A4. Ketoconazole and itraconazole specifically are substrates of CYP3A4. When co-administered with NNRTIs that induce CYP3A (e.g., efavirenz, nevirapine, etravirine), there is a significant decrease in the concentrations of the azoles. In contrast, there is an expected increase in azole concentrations when coadministered with PIs that inhibit CYP3A [7] .
Fluconazole is predominantly renally excreted with minimal metabolism via CYP2D6 and 1A2. For this reason, fluconazole has minimal drug-drug interactions with ARV medications and is the preferred azole antifungal for the treatment of fluconazole-sensitive infections. Voriconazole is predominantly metabolized via CYP2C19 and to a lesser extent via CYP2C9 and 3A4. The co-administration of voriconazole with high-dose ritonavir (400 mg twice daily) has been reported to result in an 82 % decrease in voriconazole AUC. However, when given with low-dose ritonavir (100 mg twice daily), the voriconazole concentration only decreased by 39 %. When treating invasive aspergillosis, clinicians should consider using an additional antifungal until voriconazole concentrations are in the therapeutic range. Posaconazole, on the other hand, is an inhibitor of CYP3A4 and is metabolized via glucuronidation, and as such, PI concentrations may be increased with posaconazole co-administration. For example, atazanavir AUC was increased by 268 % when coadministered with posaconazole. Posaconazole concentrations may be decreased with inducers of glucuronidation (e.g., tipranavir/ritonavir). Posaconazole therapeutic drug monitoring is recommended when given with PIs or NNRTIs [7] .
Nephrotoxic antifungals (e.g., amphotericin) should be used with caution in patients taking tenofovir due to the additive nephrotoxicity potential. Use of amphotericin lipid complex may be considered to decrease the nephrotoxicity potential in patients taking tenofovir.
Antimalarial Medications
Significant drug-drug interactions exist between certain antimalarial agents and PIs, with evidence for an even more potentiated effect with NNRTIs or boosted PI regimens. Quinine is metabolized by CYP3A4 to its active metabolite, 3-hydroxyquinine. When combined with ritonavir, a potent CYP inhibitor, quinine's AUC is increased approximately 3.4-fold. Understanding this, a 50 % dose reduction of quinine may be necessary to maintain effectiveness while decreasing the potential for cardiotoxicity [27] .
Efavirenz, lopinavir/ritonavir, and atazanavir/ritonavir lowered atovaquone concentrations by 75, 74, and 46 %, respectively. Proguanil concentrations were also lowered by an estimated 40 %. The mechanism of lower atovaquone and proguanil exposure may be due to induction of glucuronidation and CYP2C19, respectively. Although the clinical significance of this interaction remains to be determined, an alternative antimalarial agent should be considered for patients already taking efavirenz or certain boosted PI regimens [28] . Chloroquine is predominantly excreted unchanged in the urine [29] . Antiretroviral drug-drug interaction is unlikely with PIs and NNRTIs. Primaquine is metabolized via CYP, possibly 3A4. In a rat study, primaquine serum concentrations were decreased by ritonavir co-administration at steady state [30] . This may be due to the mixed inhibition/ induction of CYP3A4 by ritonavir. The clinical significance of this potential interaction is unknown, but there are no published reports of treatment failure when ritonavir is coadministered with primaquine.
Antitubercular Medications
Rifampin, rifapentine, and rifabutin are rifamycin antibiotics used in antitubercular drug regimens. Because of the frequent co-infection of HIV and tuberculosis, it is important to be aware of drug interactions between antitubercular and ARV drugs.
Rifampin is a potent inducer of glucuronidation, as well as many CYP isoforms including 3A4, 1A2, 2C9, 2C19, and 2D6. Co-administration of rifampin with a PI decreased PI concentrations by over 80 %s and so must be given with extreme caution. Rifabutin is structurally similar to rifampin but is only a moderate inducer and substrate of CYP3A4. When co-administered with a boosted PI regimen, rifabutin concentrations increase while PI concentrations decrease. Uveitis has been reported as a complication of supratherapeutic rifabutin concentrations [31] . Overall, rifabutin may be used as an alternative to rifampin with boosted PI co-administration; however, the dose will need to be decreased by 50 to 75 % to reduce toxicity. Rifampin's induction of glucuronidation also results in a decrease of the AUC of the INSTI, raltegravir, by 40 %. If rifampin and raltegravir are to be co-administered, an increase in the INSTI dose to 800 mg twice daily is required to maintain efficacy [32, 33] .
When considering patients taking NNRTIs, there is an observed 26 % decrease in efavirenz concentration following rifampin administration; the clinical significance of which has been debated [34] . Subsequent work demonstrated that despite variable concentrations, the clinical efficacy is preserved when efavirenz and rifampin are given in combination [35] .
Significant drug-drug interactions are unlikely with other first-line antitubercular agents since isoniazid undergoes acetylation, pyrazinamide undergoes non-CYP3A4 hepatic metabolism, and ethambutol is renally excreted. Limited data are available in regard to capreomycin and cycloserine, but based on chemical structure and known metabolic pathways, significant drug-drug interaction is unlikely [36] .
Anticoagulant and Antiplatelet Medications
Warfarin interactions with ARV drugs such as efavirenz, etravirine, or saquinavir are complex and difficult to predict given multiple confounding factors in maintaining a therapeutic international normalized ratio (INR). Warfarin is a racemic mixture of R-warfarin and S-warfarin. Both enantiomers are active, although S-warfarin is about five times as potent as Rwarfarin. S-warfarin is primarily metabolized by CYP2C9 and R-warfarin by CYP1A2 and CYP3A4. When combined with ARV therapies including efavirenz, a CYP2C9 inhibitor, and nevirapine, a 2C9 inducer, warfarin doses may need to be adjusted to maintain a therapeutic INR. Saquinavir is not a 2C9 inhibitor, but there are reports of inhibited warfarin metabolism by saquinavir [37, 38] . This may be explained by inhibition of CYP3A4 by saquinavir. Regardless, close monitoring with frequent dose adjustments will likely be necessary.
Clopidogrel is an antiplatelet prodrug that is activated by CYP2C19 isoforms. Etravirine, an inhibitor of CYP2C19, may prevent biotransformation of clopidogrel into its active form, putting patients at risk of re-stenosis and other such sequelae. In addition, although the mechanism is not well understood, there is at least one report of a patient with diminished response to clopidogrel when co-administered with a PI [39] .
Caution should be exercised when initiating direct Xa inhibitors or direct thrombin inhibitors for patients taking ARV medications, particularly as these drugs do not have reversal agents. Cytochrome 3A4 accounts for approximately 60 % of the metabolism of the factor Xa inhibitor, rivaroxaban. pGlycoprotein is also known to be involved in the elimination of this anticoagulant. There is one reported case in the literature of gastrointestinal bleeding in a patient on darunavir/ ritonavir with rivaroxaban, where rivaroxaban concentrations were found to be more than double what was expected based on his dose [40] .
Apixaban is another factor Xa inhibitor that is both a CYP3A4 and pgp substrate. Although there are no reports of drug-drug interactions to date, one would expect supratherapeutic concentrations when co-administered with a PI and subtherapeutic concentrations with some NNRTIs (e.g., etravirine, efavirenz, nevirapine) [41] .
The novel direct thrombin inhibitor, dabigatran etexilate, is a substrate of pgp; thus, concentrations are increased when taken concurrently with any strong pgp inhibitor (e.g., ketoconazole). Dabigatran etexilate is hydrolyzed to dabigatran by hepatic and plasma esterases and is also a gastrointestinal pgp substrate [42] . Significant drug-drug interaction only occurs when the interacting drug is present in the GI tract at the time that dabigatran is taken. When verapamil was given concomitantly with dabigatran, a significant increase in the concentration of dabigatran was observed. However, when verapamil was given 2 h after dabigatran (after dabigatran's absorption), no change in dabigatran concentrations occurred. Similarly, ritonavir, a strong pgp inhibitor, may increase dabigatran concentrations when co-administered. However, when dabigatran was given 2 h before ritonavir, no significant drug-drug interaction was observed [43] . Another recent case report demonstrated the safe administration of dabigatran with lopinavir/ ritonavir by scheduling intake to be 1 h apart [44] . Since robust clinical data on PI administration with dabigatran is lacking, co-administration should only be considered with caution.
Neither heparins and enoxaparin nor the Xa inhibitor fondaparinux are substrates for CYP. These drugs are not expected to interact with ARV medications and thus may serve as appealing alternatives.
Cardiovascular Medications
Significant increases in concentrations of certain calcium channel blockers (e.g., diltiazem, amlodipine) have been reported in the literature when combined with ARV therapy, specifically PIs. Several PIs alone (e.g., atazanavir, lopinavir) have been associated with increased PR intervals [45] . Although the clinical significance remains to be determined, the manufacturer recommends close monitoring when combining these PIs with medications that can also prolong the PR interval (e.g., calcium channel blockers, beta-blockers, digoxin) especially in patients at higher risk for second and third degree block (e.g., structural heart disease, cardiomyopathy, ischemic heart disease) [17, 46] .
Diltiazem is a non-dihydropyridine calcium channel blocker that is metabolized by CYP3A4 to its active metabolite N-desmethyldiltiazem. In healthy volunteers, coadministration of the PI atazanavir increased the median diltiazem AUC by 125 % and N-desmethyldiltiazem by 165 %. This significant rise in concentrations caused a reported increase in the subjects' PR intervals. The authors therefore recommended to start diltiazem at 50 % of the recommended dose and to titrate slowly [47] .
Amlodipine, a dihydropyridine calcium channel blocker, was administered to healthy volunteers in combination with indinavir/ritonavir. The median amlodipine AUC was 89.8 % greater. Although these healthy volunteers did not develop any cardiovascular sequelae, this pharmacokinetic interaction may be of clinical significance for older patients with comorbid conditions [47] .
Similarly, concentrations of the angiotensin-converting enzyme (ACE) inhibitors, captopril and enalapril, may be increased when taken with boosted PI regimens. Both are substrates for CYP2D6 and 3A4, respectively: therefore, drug-drug interactions could be possible. Irbesartan, candesartan, and to a lesser extent losartan are metabolized via CYP2C9. Since PIs do not inhibit CYP2C9, significant drug-drug interactions are unlikely. To date, there are no reported drug-drug interactions between NNRTI and HIV protease inhibitors when co-administered with an ACE inhibitor or an angiotensin II receptor blocker (ARB). Lisinopril is not metabolized, but is primarily excreted unchanged in the urine, making it the preferred ACE inhibitor in HIV-infected patients treated with boosted PIs or NNRTIs.
Amiodarone is an antiarrhythmic agent used for control of both ventricular and atrial cardiac dysrhythmias. It is a major substrate of CYP3A4, where it is metabolized to its active form and so is susceptible to ARV drugs that modulate CYP function. Given its narrow therapeutic window, the risk of toxicity is significant with any fluctuations in concentration. There are reports of amiodarone toxicity in patients already on ARV medications that were recently started on the drug [48] . In the emergent setting (for example ventricular tachycardia), amiodarone should be administered if indicated, regardless of other medications. However, for patients in which amiodarone must be administered in conjunction with ARV therapy, the use of an INSTI (e.g., raltegravir, dolutegravir) is preferable over a PI. If a PI regimen must be used, low-dose amiodarone with close therapeutic drug monitoring and serial ECGs is recommended [49] .
Lidocaine and procainamide are also major substrates of CYP3A4 and CYP2D6, respectively. Patients receiving these medications should similarly be monitored for signs of toxicity when used in conjunction with PIs or NNRTIs [49] .
Antimigraine Medications
Ergotamine and dihydroergotamine are serotonin inhibitor vasoconstrictors used in migraine-abortive therapy. The ergot alkaloids are metabolized by CYP3A4. In the literature, there are reported cases of patients developing painful vasospasm, dubbed "ergotism," while taking ergot alkaloids concurrently with PIs. In some cases, patients on PIs have developed ergotism after only one dose of ergot medications, and as a result, these medications are considered contraindicated in patients taking PIs [50] .
Limited data exist for any interaction between serotonin receptor agonist antimigraine drugs and ARVs. Since almotriptan, eletriptan, and naratriptan are CYP3A4 substrates, co-administration with boosted PIs may significantly increase the risk of severe vasoconstriction. These agents should be avoided in patients taking PIs. Consider the use of other serotonin receptor agonists that are not dependent on CYP3A4 metabolism (e.g., rizatriptan, sumatriptan, zolmitriptan).
Anticonvulsant Medications
Maintenance of appropriate anticonvulsant concentration is critical. Supratherapeutic concentrations may result in toxicity while subtherapeutic levels can precipitate breakthrough seizures. There are several significant interactions between anticonvulsants and ARV drugs in the medical literature.
Phenytoin is particularly important because of its ubiquitous administration and because it is both an inducer of CYP3A4 and a substrate of 2C9 and 2C19. In a pharmacokinetic study, a bi-directional drug-drug interaction was observed when lopinavir/ritonavir was co-administered with phenytoin. Lopinavir and phenytoin concentrations were reduced by 33 and 31 %, respectively. This study suggested that the lopinavir/ritonavir combination therapy might have CYP2C9 and 2C19 induction properties [51] . In a separate study of healthy volunteers, phenytoin administration decreased the mean lopinavir/ritonavir AUC by about one third. Similarly, carbamazepine, a CYP3A4 inducer and 3A4 and 2C9 substrate, was found to have a 45 % increase in its AUC when co-administered with darunavir/ritonavir. Interestingly, darunavir concentrations were not affected. This is likely due to the inhibitory effect of ritonavir outweighing the induction properties of carbamazepine on the metabolism of darunavir [52] .
In contrast to phenytoin and carbamazepine, valproate is not an inducer of CYP3A4 and is only a minor substrate of 2A6, 2B6, 2C9, 2C19, 2E1, and 1A2. Lopinavir/ritonavir and efavirenz did not affect valproate concentrations. As expected, efavirenz concentrations were not significantly affected by valproic acid. Although lopinavir concentrations were 38 % higher, this did not reach statistical significance [53] .
Lamotrigine, an anticonvulsant FDA-approved for control of seizures and mania, is metabolized via glucuronidation and is not a major CYP substrate. Since atazanavir is an inhibitor of glucuronidation, it is expected that lamotrigine concentrations should increase. However, by an unclear mechanism, addition of atazanavir/ritonavir to lamotrigine reduced lamotrigine AUC by 32 % [54] . A lamotrigine dose increase of 50 % should be considered in patients taking ritonavir/ atazanavir [55] .
Since enzyme induction by phenytoin takes 10-14 days to reach steady state, the standard loading doses of phenytoin should be used, especially in emergencies. In chronic use, clinicians should consider a dose increase for certain ARV/ anticonvulsant combinations. For example, the lopinavir/ ritonavir dose should be increased to 600/150 mg twice daily in patients taking phenytoin. Free phenytoin and carbamazepine concentrations should be closely monitored with appropriate dose adjustment with PI and NNRTI co-administration.
Levetiracetam does not undergo oxidative metabolism and is renally eliminated. Due to its broad spectrum, favorable side effect profile, and lack of drug-drug interactions, many experts recommend levetiracetam in combination with NNRTI-and PI-based ARV regimens [56] .
Antidepressant Medications
Potential for drug-drug interactions should not deter treatment of depression. Studies have shown that antiretroviral adherence is increased when depressed patients are treated with antidepressants [57] .
Serotonin reuptake inhibitor (SSRI) antidepressants are generally preferred over tricyclic antidepressants (TCAs) due to their better safety profile [58, 59] . Although potential interactions between PIs and several SSRIs do exist, the dose of the SSRI can be titrated based on clinical assessment of antidepressant response. Co-administration of darunavir/ritonavir with paroxetine or sertraline has been reported to decrease concentrations of the SSRIs by 39 and 49 %, respectively [60] . On the other hand, no significant drug-drug interaction was noted between ritonavir and escitalopram [61] . Similarly, no significant change to fluoxetine concentrations was observed when given to patients taking ritonavir [62] . Despite these findings, however, there are reported cases in the literature of serotonin syndrome in patients treated with fluoxetine and PIs [63] . It is unclear if these reports of serotonin syndrome are higher than baseline rates among patients taking SSRIs.
Due to the potential for increased adverse drug reaction (e.g., sedation, anticholinergic side effect) with high TCA concentrations, close monitoring is recommended when TCAs are co-administered with PIs. Ritonavir increased desipramine concentrations by 145 % [64] . This interaction is likely due to inhibition of CYP2D6 by ritonavir. Other TCAs that are CYP2D6 substrates (e.g., amitriptyline, clomipramine, imipramine, nortriptyline) may also be increased with PI co-administration, but reports in the literature are limited. It is important to initiate TCAs at the lowest possible dose with close monitoring for adverse drug reactions when combined with PIs.
Sedative Hypnotics and Opioid Medications
Some of the most important drug-drug interactions for ARV medications involve sedatives because of the significant risks of either supratherapeutic or subtherapeutic concentrations. Drug accumulation may cause oversedation, hypoxia, and hypercapnia. Alternatively, decreased concentrations, as might be caused by CYP induction, could result in withdrawal in patients on a previously stable dose of an opioid or benzodiazepine.
Benzodiazepines are used as anxiolytics, anticonvulsants, and sleep aids. Although these drugs share a common mechanism of action, there are important differences in their metabolism and pharmacokinetics. Midazolam and alprazolam are metabolized by CYP3A4 [65, 66] . One study investigated the effect of co-administration of saquinavir, the weakest 3A4 inhibitor among the PIs, with oral and intravenous midazolam. The study reported a fivefold increase in the midazolam AUC and a more than double increase in midazolam's half-life. Sedation was, as expected, also increased [67] . Another retrospective cohort study looked at patients on ARV therapy receiving IV midazolam sedation for bronchoscopy. Both the length of hospitalization and the risk of prolonged sedation were significantly increased, with the sedation risk six times greater in those taking PIs than those who were not [68] .
In a pharmacokinetic study of interactions involving alprazolam and the PI ritonavir, alprazolam concentrations were reported to have increased by 248 % with the initial dose; however, at steady state, alprazolam concentrations were decreased by 12 %. It is important to note that the study was conducted with high-dose ritonavir (500 mg twice daily), a known inducer of certain CYP3A4 substrates at steady state [69] .
Diazepam, chlordiazepoxide, clonazepam, clorazepate, estazolam, and flurazepam are not pure CYP3A4 substrates. In addition to CYP3A4, other isoenzymes are involved in their metabolism. The presence of an inhibitor, such as ritonavir, could result in increased sedation, while the presence of an inducer, such as efavirenz, may result in decreased drug effect or withdrawal [70] . However, the magnitude of the drug-drug interactions between these benzodiazepines and PIs are not expected to be dramatic. Similarly, lorazepam, temazepam, and oxazepam are not metabolized exclusively via CYP3A4 and so are not expected to have significant interactions with boosted PIs.
Opioid-ARV drug interactions are tightly coupled to CYP modulation, where many are metabolized to their active form. Oxycodone is metabolized by CYP2D6 to the active metabolite oxymorphone. When pharmacokinetic study participants were co-administered oxycodone with lopinavir/ritonavir for 4 days, oxycodone concentrations were tripled and participants reported increased subjective feelings of opioid activity [71] . Hydrocodone is also metabolized by CYP2D6 to hydromorphone, which has 5.4-fold more opioid activity than the parent compound [72] . Inhibition of CYP by ritonavir should then theoretically lead to accumulation of the less potent parent compound with resultant risk for withdrawal symptoms or decreased analgesic effect [73] .
Heroin (diacetylmorphine) is rapidly converted to morphine by plasma and liver esterases. Morphine is then glucuronidated to morphine-3-glucuronide and morphine-6-glucuronide (M6G). The latter is a renally eliminated metabolite with opioid agonist properties. Drugs that increase glucuronyltransferases (high-dose ritonavir, nelfinavir) may result in faster glucuronidation, but the clinical significance of this is unclear as both morphine and M6G itself have opioid activity.
Interactions between methadone and ARV drugs are extremely complex. Methadone is a racemic synthetic opioid that acts by binding the μ-opioid receptor, with the affinity for the R-enantiomer being 10 times higher than that for the S-enantiomer [74] . Methadone is a substrate of CYP2B6 and 2C19 and also of pgp, while the role of CYP3A4 remains debated [75, 76] . When methadone maintenance patients were started on NNRT Is such as efavirenz and nevirapine, methadone AUCs were observed to decrease to 55 and 63 %, respectively, precipitating withdrawal in nine out of 10 participants [77, 78] . As a result, methadone dose adjustments may be necessary in patients taking efavirenz or nevirapine, with dose increases typically initiated during the second week of co-administration. However, with administration of etravirine, the methadone AUC was slightly increased [79] . This could be potentially attributable to etravirine induction of CYP3A4 and concomitant inhibition of 2C19 [80] .
The story is particularly more complicated in the scenario of concurrent PI and methadone administration. Ritonavir, a CYP inhibitor, would be expected to increase methadone concentrations. However, the opposite has been reported in multiple studies demonstrating a significantly reduced methadone AUC with administration of the boosted PI regimen of lopinavir/ritonavir. Ritonavir on its own, however, had no significant effect on methadone metabolism [81] [82] [83] . One study reported a decrease in Rmethadone (active form) AUC by 16 % with administration of darunavir/ritonavir and noted withdrawal symptoms in four out of 16 patients [84] . It has been demonstrated that methadone metabolism by CYP3A4 is not stereoselective, while CYP2B6 metabolizes S more avidly than R, and vice versa for 2C19 [75] . The mechanism is unclear but it is possible that a complex interplay of enantiomer metabolism by these enzymes with possible involvement of pgp is responsible for this counterintuitive outcome.
Buprenorphine is a μ-opioid partial agonist metabolized by CYP3A4. The drug has a high affinity for opioid receptors and disappearance of clinical effects is more dependent on dissociation of the drug from the receptors than on metabolism or elimination [85] . Inhibition and induction of CYP3A4 affects buprenorphine concentration, but not necessarily its clinical effects. Co-administration of the inducer efavirenz with buprenorphine was associated with decreased buprenorphine AUC but not with withdrawal symptoms [86] . Nevirapine, which induces CYP3A4, affected neither buprenorphine concentration nor withdrawal symptoms [87] . However, increases in buprenorphine concentrations can result in increased sedation. Coadministration of atazanavir increased buprenorphine AUC by 93 %, causing clinical drowsiness in three of 10 patients [88] .
Illicit and Commonly Misused Drugs
The potential for drug-drug reactions are not limited to prescription medications, as recreational drugs may interact with ARV therapy as well. Phenylethylamines and 3,4-methylenedioxy-N-methylamphetamine (MDMA, "ecstasy") are metabolized by CYP2D6 [89, 90] . Interference with CYP2D6 could prolong clinical effects and precipitate toxicity. One case report detailed the story of a 32-year-old male who suffered a fatal MDMA toxicity after using his typical dose of MDMA for the first time after starting ritonavir. He had a tonic-clonic seizure and severe tachycardia. On autopsy, the MDMA concentration was 10 times higher than expected [91] .
The emergence of the synthetic cathinone derivatives ("bath salts") may also create potential interactions with ARV therapies. The metabolic pathways of these drugs are still being elucidated. There is a great deal of structural heterogeneity in this class, so it is likely that there are variations in metabolism as well. In vitro, methylenedioxypyrovalerone (MDPV) was metabolized by CYP 1A2, 2C19, and 2D6. It is possible that co-ingestion of a CYP2D6 inhibitor, such as ritonavir, may increase MDPV concentration but further study is required [92] .
To date, there are no reported interactions between cocaine and ARV drugs. Cocaine hydrolysis by plasma cholinesterase is primarily responsible for the bulk (>50 %) of cocaine metabolism. N-demethylation to norcocaine by CYP3A4 accounts for <10 % of cocaine metabolism, so interactions with CYP inducers and inhibitors are unlikely to be clinically significant [93] . Norcocaine, however, may play an important role in cocaine hepatotoxicity. In patients with decreased plasma cholinesterase activity, cocaine metabolism is subsequently shunted down the n-demethylation pathway, creating more norcocaine-an active metabolite. Norcocaine accumulation has been linked to an increased risk of life-threatening hepatotoxicity [94, 95] . Given this, it is possible that CYP3A4 inducers (such as efavirenz) may predispose users to cocaine hepatotoxicity, particularly in patients with impaired cholinesterase activity, but this has not been reported.
Gamma hydroxybutyrate (GHB) undergoes first-pass hepatic metabolism [96] . One patient taking saquinavir/ritonavir experienced extreme sedation, myoclonus, and bradycardia after taking a small dose of GHB. These severe manifestations of GHB toxicity were thought to be due to CYP isoenzyme inhibition with resultant drug accumulation [97] .
Ethanol is principally metabolized by alcohol dehydrogenase. Abacavir is unique among the antiretrovirals in its metabolism by alcohol dehydrogenase. Concomitant administration of ethanol with a single dose of abacavir resulted in a 41 % increase in the AUC of abacavir. Because abacavir is well tolerated at this concentration, this interaction is not considered clinically significant [98] .
Tetrahydrocannabinol (THC) is an active compound, which is metabolized by CYP3A4 and 2C9 enzymes to active metabolites [99] . Antiretrovirals likely do not have an effect on THC pharmacokinetics. One randomized, placebocontrolled trial demonstrated that smoking THC cigarettes three times daily resulted in only a small and clinically insignificant decrease in nelfinavir concentration [100] .
Phencyclidine is hepatically metabolized by CYP3A4 and a number of other CYP isoforms [101] . There are no published interactions between phencyclidine and ARV drugs, but theoretically, CYP3A4 inhibitors could result in increased concentrations of the drug.
Complementary and Alternative Medicine Products
Complementary and alternative medicine (CAM) products are ubiquitous and have the potential to also interact with ARV therapies. Separate studies suggested that nearly two thirds of HIV-infected people report using CAM [102] . One survey reported the most commonly used CAM products by HIVinfected individuals were multivitamins, followed by cod liver oil, and flax/flaxseed oil. These products do not have known or potential interactions with ARV therapies. However, the survey also identified several CAM products that had the potential for interaction with ARV medications including echinacea, garlic, kava, St. John's wort (SJW), aloe vera, cat's claw, DHEA, gingko, ginseng, licorice, milk thistle, red yeast, and high dose (>1 g) vitamin C. The top four drugs that resulted in a recommendation to stop therapy were echinacea, garlic, kava, and SJW [103] .
Many CAM products have pharmacologically active compounds; however, lack of FDA regulation over these products results in inconsistent concentrations and unknown additives. The literature was reviewed for reports of interactions between ARV therapies and popular CAM products.
CAM Products Thought to Interact with ARV Therapy
Hypericum perforatum, or SJW, is a CAM product often used for depression. Compounds in SJW are known inducers of CYP3A4 and pgp [104] . Ideally, the "active" components of SJW would be isolated from the components that are most likely to cause drug interactions. Unfortunately, hyperforin, the compound in SJW that induces CYP3A4, is also the compound purported to have the greatest beneficial activity [105] . As such, SJW is thought to decrease the concentration of ARV medications that are CYP3A4 substrates (e.g., PIs, nevirapine, rilpivirine) by way of CYP induction. In a population that was co-administered SJW and nevirapine, concentrations of the NNRTI were significantly decreased. Similarly, coadministration of SJW with indinavir in healthy volunteers reduced the AUC of the PI by 57 % [106] .
Echinacea is believed by some to have general immunologic stimulant properties. However, there is limited data that the use of echinacea may induce an increase in viral load [107] . Extracts of Echinacea angustifolia have been shown to be in vitro CYP3A4 inhibitors [108] . Echinacea purpurea, on the other hand, was demonstrated to induce CYP3A4 metabolism of darunavir but without effect on overall darunavir or ritonavir pharmacokinetics. The results of the study were not clinically significant [109] . In a similar study, the use of echinacea did not effect etravirine concentrations in HIVinfected individuals [110] .
Garlic is prized for its anti-hyperlipidemic and antioxidant properties. Components of garlic may induce intestinal CYP3A4 or pgp. However, pharmacokinetic studies with saquinavir and ritonavir failed to show statistically significant declines in PI concentration. [107] .
Ginseng may also induce CYP3A activity in the liver and possibly the GI tract [111] . One case report described a patient with a history of HIV and chronic hepatitis C on raltegravir and lopinavir/ritonavir admitted for transaminitis, jaundice, and evidence of liver failure after starting ginseng. The authors noted a clinical improvement in symptoms and lab data with cessation of the CAM product [112] .
Another case report discusses a patient taking efavirenz with sudden virologic failure after starting gingko. Serial ARV concentrations were taken on plasma samples dating back 2 years and found a steady decrease in plasma efavirenz concentrations over that time period. The patient had been taking gingko for several months. The authors attributed the ARV decline and viral load increase to CYP3A4 or pgp induction by gingko. Because of the variability in efavirenz concentrations, conclusive evidence was lacking [113] .
One single case report described significant increases in the concentrations atazanavir, ritonavir, and saquinavir in a patient that took cat's claw for 2 months [114] . Kava (Piper methysticum), another CAM product, is used as a minor sedative. The plant product produces significant inhibition of CYP2E1, but not of CYP3A4, so interaction with ARV medication is unlikely. However, concern for direct hepatotoxicity from kava should limit its use in HIV-infected patients [115] .
CAM Products Unlikely to Interact with ARV Therapy
Aloe is sometimes consumed for digestive health and general well-being. Its juice is known to be a minor CYP3A4 and 2D6 inhibitor, but does not affect ARV metabolism [116] . Similarly, licorice is thought by some to have antiviral properties. This Glycyrrhiza glabra root extract, however, may induce CYP3A4 and pgp. There are no reports of interactions with ARV therapies, but more study is needed [117] .
Red yeast rice is fermented rice taken for digestive and general well-being. It is thought to inhibit CYP1A2 and 2C19; however, no ARV interactions have been reported to date [118] . Similarly, the administration of milk thistle (Silymarin marianum), taken to help treat liver disease and prevent hepatotoxicity via antioxidant properties, has not been shown to significantly affect darunavir-ritonavir concentrations [119] .
Goldenseal root (Hydrastis canadensis) is a CAM product purported to improve immune function, which is of particular interest for the HIV-infected population. Goldenseal inhibits CYP3A4 but did not affect indinavir pharmacokinetics in one study [120] . And while high-dose vitamin C increased drug metabolism in animal models, its use has not been associated with any effects on indinavir pharmacokinetics in healthy volunteers [121] .
Conclusion
The emergence of effective, lifelong ARV therapy has allowed HIV to be managed as a chronic disease. Many ARV drugs are substrates, inducers, or inhibitors of the CYP family of isoenzymes and of pgp, as are many generally prescribed medicines, illicit drugs, and CAM products. As patients taking ARV therapy continue to age, they are susceptible to the same chronic diseases and acute illnesses as any non-HIV-infected population; however, they are at a higher risk for drug interaction with the initiation of many new medical therapies.
Many patients on ARV therapy also take additional medications, supplements, and illicit drugs. Most ARV regimens include an INSTI, PI, or NNRTI. PIs tend to inhibit CYP3A4, while NNRTIs (nevirapine, efavirenz, etravirine) often induce the enzyme. INSTIs (e.g., dolutegravir, raltegravir) neither inhibit nor induce CYP3A4. Not surprisingly, CYP modulation comprises the most important drug-drug interactions. While ARV drug interactions with statins may be the most common, interactions with medications like midazolam (prolonged sedation) and fluticasone (hypercortisolism) may be more clinically significant.
ARV drug interactions are complicated, involving multiple metabolic pathways and enzymes, and are not easily predicted. For example, when considering the opioid class, methadone concentrations are decreased when combined with efavirenz and nevirapine, but morphine and heroin are usually unaffected. In addition, buprenorphine concentrations may be decreased, but the clinical effect is insignificant due to receptor affinity. However, with understanding of the effect that the drug class in question may have on CYP or pgp, better insight may be gained into the possible expected outcome on concentration of both the ARV therapy and the concurrent medication.
Clinicians should use caution when starting new medications in any patients taking ARV therapies. A healthy respect for the influence of CYP modulation is necessary, as misadministration or inappropriate prescription of medications may have a devastating effect on the patient's viral control and/or may induce drug toxicity. If the clinician is unsure about the possible interaction between an ARV drug and a new medication, consultation with a drug-drug interaction database, clinical pharmacologist/pharmacist, or HIV specialist is recommended. HIV-infected individuals, and their providers alike, must be particularly mindful of the potential complications of new drug use (prescribed, over the counter and illicit) and the susceptibility of this population for unique drug-drug interactions. External Funding None
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